There is a lack of data comparing sugammadex with anticholinesterase for the quality of anaesthesia recovery, especially following a single bolus dose of rocuronium. Thus, we evaluated the influence of reversal with sugammadex or neostigmine on post-operative quality of recovery by using the Post-operative Quality Recovery Scale (PQRS). A total of 86 patients undergoing trans-pars plana vitrectomy (TPPV) under general anaesthesia were intubated following a single bolus dose of rocuronium (0.6 mg/kg). At the end of surgery, patients were received either neostigmine or sugammadex. The quality of recovery was assessed using the PQRS at 15 minutes and 40 minutes after surgery, and on post-operative day 1. The recovery rate in the physiological domain was higher in the sugammadex group at 15 minutes after surgery (P = 0.02). Though there were no significant differences in the overall cognitive recovery domain, patients in the sugammadex group could recall more numbers in reverse order. However, there were no significant differences between the groups in the other domains of the PQRS. The use of sugammadex may increase the quality of the post-operative physiological recovery at early post-operative periods compared with neostigmine use following a single bolus dose of rocuronium in patients undergoing TPPV with general anaesthesia.
Introduction
The quality of recovery is a crucial factor that must be evaluated in patients subjected to surgery under general anaesthesia. [1] Unlike the past, which focused exclusively on evaluating the outcome of surgery, postoperative quality of recovery has recently become an important issue. [1] Protracted and poor recovery after surgery can lead to delayed hospital discharge, increased costs, and delayed resumption of daily activity. [2] Particularly, in recent years, surgical procedures are increasingly being performed under outpatient settings rather than during hospitalization. [3] Therefore, anaesthetic goals have evolved focusing on early and explicit postoperative recovery.
Sugammadex, a γ-cyclodextrin derivative, has been approved as the first targeted agent to remove steroid neuromuscular (NM) blocking agents by forming a chemical compound. [4] This agent has contributed to anaesthesia protocols by enabling effective and complete reversal of NM blockade. [5, 6] Besides the fast reversibility of NM blockade, advantageous effects of this agent on recovery components after anaesthesia such as consciousness, nausea/vomiting, or physiologic factors have been reported. [7] [8] [9] Nonetheless, controversial results on the superiority of sugammadex over conventional NM blockade reversal agents have been reported. [10, 11] The Post-operative Quality Recovery Scale (PQRS) assesses the quality of postoperative recovery over time using six domains of recovery. [12] This scale has been translated into different languages and has been used successfully to assess the quality of recovery after surgery. [13, 14] So far, there is a lack of data comparing sugammadex with anticholinesterase for the quality of anaesthesia recovery, especially following a single bolus dose of rocuronium.
Therefore, we evaluated the influence of reversal with sugammadex or neostigmine on post-operative quality of recovery following a single bolus dose of rocuronium by using the PQRS in patients undergoing TPPV.
Materials and Methods

Study design
The study was designed as a prospective, double blind, randomised controlled trial. were scheduled to undergo TPPV under general anaesthesia, were enrolled in this study after providing written informed consent. The patients were free to withdraw from the study whenever they wished. Patients with the following conditions were excluded: known NM disease, significant renal or hepatic dysfunction, history of malignant hyperthermia, allergic reaction to sugammadex or rocuronium, on medication which can affect NM blockade such as anti-convulsants, magnesium, or a body mass index >30 kg m -2 . Patients with psychological or language problems that might impede assessment of the PQRS were also excluded from this study.
Randomisation and allocation
The patients were randomized to either the neostigmine group (group N, n = 45) or the sugammadex group (group S, n = 45) using a computer-generated randomization table without performing blocks. A total of 3 mg of study drug was prepared for the patients. For patients in group N, a solution of neostigmine methylsulfate 1 mg (0.5 mg/mL in a 1 mL-vial; Daihan Pharm, Seoul, Korea) and glycopyrrolate 0.2 mg (0.2 mg/mL in a 1 mL-vial; Reyon Pharm, Seoul, Korea) was prepared, while a solution of sugammadex sodium 2 mg/kg (100 mg/mL in a 2 mL-vial; MSDKOREA, Seoul, Korea) and normal saline was prepared for patients in group S. The study drug was provided at the request of an anaesthesiologist who was blinded to the randomisation list. Both groups received study drugs intravenously at the end of surgery after confirmation of a train of four (TOF) ratio of 0.5 or greater. Three anaesthesiologists participated in the process, one, who was the aware of the patient assignment, prepared the drugs according to the assigned group. The others were investigators who were blinded to the group assignment and collected data and investigated patient outcomes only. The surgeons, recovery nurses, and patients were all blinded to the group assignment as well.
Procedure
Following the patient's arrival to the operating room, non-invasive blood pressure, The surgeon performing the surgery was blinded to the group assignment. During the surgery, any agents for NM blockade were not administered. Twenty minutes before the end of surgery, propacetamol 2 g and ramosetron 0.3 mg was administered for prevention of postoperative pain and nausea/vomiting (PONV). On termination of the procedure, both desflurane and remifentanil administration were stopped and TOF stimulation was performed.
After confirmation of a train of four (TOF) ratio of 0.5 or greater, the NM blockade was reversed with the prepared study drug.
In the post-anaesthesia care unit (PACU), patients were monitored for oxygen saturation, heart rate, and blood pressure. The PQRS consisted of 6 domains of post-operative recovery (physiologic, nociceptive, emotive, cognitive, activities of daily living, and overall patient perspective). Each domain was assessed using the Korean version of the PQRS, which has been translated from previous publications of the PQRS. [12] For each patient, the following data were recorded: age, sex, height, weight, past medical history including hypertension, diabetes mellitus, cerebrovascular attack, pulmonary disease, and chronic kidney disease, and ASA physical status classification. Patients were assessed for baseline PQRS in 1-day before surgery, and then at 15 minutes, 40 minutes, and 1-day post-operatively. For each time point, the recovery was defined as "return to baseline values or better". The patient's response rate on overall patient perspective was assessed only at post-operative day 1.
Statistical analysis
The primary endpoint of the current study was the evaluation of the effects of sugammadex compared with neostigmine on the recovery rate in physiological domain in patients who underwent TPPV with general anaesthesia. Based on a previous observational study, the sample size requirement was calculated to be at least 37 patients in each group with alpha of 0.05 and power of 0.9 to detect a 10.82 difference in odds ratio for the recovery rate of the physiologic domain between the two groups. [7] Considering a dropout rate of 20%, 45 patients in each group were assessed for eligibility. Continuous demographic and study variables were expressed as mean (SD) or median (interquartile range) according to the Komogorov-Smirnov normality test. For categorical data, variables were expressed as proportion or number (percentage). Comparisons of continuous variables between groups were performed with the independent two-sample t-test and the Mann-Whitney U-test for parametric and non-parametric data, respectively. Categorical variables were compared using the chi-square test (χ2) or the Fisher's exact test when appropriate. Data were analysed with SAS 9.4 (SAS Institute, Cary, NC, USA) and R software version 3.1.0. A P-value < 0.05 was considered significant.
Results
Overall, 92 patients were assessed for eligibility, 2 patients declined to participate and 90 patients were ultimately enrolled and randomly assigned into 2 groups; 84 patients completed the study. One and 3 patients in groups N and S, respectively, dropped out of the study because of the unexpected change in anaesthesia method, respectively. In group S, one patient cancelled approval to participate after surgery and the other had a severe arrhythmic event and was dropped from the analysis. Therefore, 44 and 40 patients were ultimately analyzed in groups N and S, respectively (Figure 1 ). Figure 1 . Flow chart indicating patient selection and exclusion criteria. group N: neostigmine was used for neuromuscular blockade reversal at the end of surgery; group S: sugammadex was used for neuromuscular blockade reversal at the end of surgery.
Comparison of patient characteristics and perioperative drug use are presented in Table 1 .
There were more patients with ASA class II and the time from administration of study drug to extubation was significantly higher in group N than in group S. Differences in other variables were not found. (%) .group N, neostigmine group; group S, sugammadex group; ADL, Activities of daily living. * P < 0.05 between groups. Table 3 shows percentages of recovered patients in each category of the physiological and nociceptive domains at 15 and 40 minutes after surgery in both groups. However, no statistically significant differences between the 2 groups were found for each category of both domains No statistical differences were identified in the emotional and cognitive domain at 15
and 40 minutes after surgery between the 2 groups (Table 4) . However, among the categories of the cognitive domain, patients in group S showed significantly higher percentages of recovery in the 'digits backward' category 15 minutes after surgery than in group N (67.5%
vs. 43.2%, P = 0.02). With the exception of the latter, no other categories showed significant differences in cognitive domains between the two groups (Table 4) . Patients' ratings on global perspective on post-operative day 1 are shown in Table 5 . The patients' global perspective on post-operative day 1 showed no significant differences in terms of daily activities, working capacity, and clarity of thought. More patients in group S were completely satisfied with the anaesthetic care, although this was not statistically significant. 
Discussion
We performed a prospective, double-blinded, randomized, controlled assessment to demonstrate the influence of reversal with sugammadex or neostgmine on the quality of postoperative recovery using PQRS following a single bolus dose of rocuronium in patients undergoing TPPV with general anaesthesia. In the present study, sugammadex could contribute to favourable initial post-operative recovery in the physiological domains evaluated with the PQRS in patients undergoing day-surgery such as TPPV, as compared with neostigmine.
In a previous retrospective study regarding recovery assessed using PQRS following neostigmine and sugammadex administration, the recovery of the physiological domain at 40 minutes after surgery was significantly higher in group S, which was statistically relevant with the percentage of patients who were fully awake. [7] However, in the present study, even though there was a statistical difference between the 2 groups in the recovery of the physiological domain at 15 minutes after surgery, no single responsible factor was found for this difference in each category of the physiological domain.
Instead, almost every patient in group S had a complete recovery in the categories that consisted of the physiological domain, while there were some patients with no recovery in group N. Thus, these results suggest that sugammadex may be associated with a better postoperative recovery than neostigmine.
Sugammadex has been reported to be superior at preserving haemodynamic stability than anticholinesterases, which have been the most commonly used NM blockade reversal agent to date. [15, 16] Due to the fear of adverse effects from cholinesterase inhibitors, these have been associated with concomitant used of anticholinergic agents such as atropine or glycopyrrolate. [17, 18] However, the combination of these 2 agents having different pharmacokinetic and pharmacodynamic properties cannot completely prevent their adverse effects nor maximize their desired effect. In contrast, as a selective antidote of NM blocking agents, sugammadex may theoretically be better at preserving haemodynamic stability.
Conversely, there were no differences in the physiological domain between the two groups 40 minutes after surgery.
These discrepancies of the faster recovery of PQRS between the present study and the previous by Amorim and colleagues might be caused due to the differences in the study design as follows; the degree of NM blockade when reversal agents were given, the doses of administered NM blocking agents, different kinds of NM blocking agents, and various types of surgery such as open or laparoscopy vs sing type-TPPV, which is rarely accompanied by bleeding or systemic complications.
The nociceptive domain in the PQRS includes an assessment of post-operative pain and PONV at different time points. [12] Previous reports have described post-operative pain relief and the use of sugammadex. [19, 20] However, according to these reports, differences in pain relief may have resulted from the effects of neostigmine on gastrointestinal motility, which may cause additional pain after gastrointestinal surgery, and to the use of succinylcholine, which may be associated with more myalgia because of fasciculation. In this study, neither gastrointestinal surgery nor succinylcholine use was relevant. Therefore, consistent with the result of other studies on post-operative quality of recovery, there was no difference in pain recovery between the two groups across all time points. [7, 21] An advantage of sugammadex for PONV has also been reported by several studies. [8, 22, 23] Cholinergic effects from the use of cholinesterase inhibitors can cause a decrease in oesophageal tone, and an increase in secretion and intestinal movement that might be associated with the increased PONV. However, due to the fear of these potential side effects, anticholinergic agents have been used to compensate for these unwanted cholinergic effects. Previous studies have reported that the incidence of PONV was not significantly increased after surgery when a cholinesterase inhibitor was used concomitantly with the anticholinergic agents. [24, 25] Although certain types of surgery may worsen PONV, TPPV does not appear to be a procedure that aggravates PONV. [26] In the current study, the incidence of PONV was very low in both groups (2.3% and 2.5% in groups N and S, respectively). This low incidence could be a potential reason for the decreased power of detecting differences in PONV between the 2 groups. Therefore, a clinical trial evaluating PONV from high-risk surgery might provide additional information to clarify the potential protective effects of sugammadex on PONV.
A correlation between sugammadex and a faster recovery of consciousness has been reported. [7, 9] However, studies using electroencephalogram-based indices have shown that there were no significant changes after the administration of sugammadex. [11, 27] Of the categories of the physiological domain in the PQRS, the recovery of consciousness was also evaluated separately in this study. Our results show there was no significant difference in the recovery of consciousness between the 2 groups across time points. This might be interpreted as sugammadex not having any advantage on improving recovery of consciousness compared with neostigmine. However, the recovery rate of consciousness was very high in both groups as soon as 15 minutes after surgery in this study (95.5% and 100% in groups N and S, respectively). As we reversed the NM blockade after confirmation of a TOF ratio at 0.5 or greater (shallow block status), the patients in our study may have been more prone to fully recover 15 minutes after surgery. However, the time to extubation was significantly shorter in group S than in group N according to the results of this study. Because we only extubated patients who had complete recovery from both consciousness and neuromuscular blockade, sugammadex might be associated with the faster recovery of consciousness in the immediate post-operative period. Further study using different time points of reversal or surgery types should be undertaken to clarify the relationship between the recovery of consciousness and use of sugammadex.
The association between the use of sugammadex and the recovery of cognitive function has been demonstrated. [10, 28] Previous studies showed no advantage of using sugammadex over cholinesterase inhibitors for NM blockade reversal on cognitive function after surgery.
Consistent with previous reports, there were no significant differences in the post-operative recovery of overall cognitive domain in the present study. However, patients in the group S could recall more numbers in reverse order at 15 minutes after surgery. As can be deduced from the lowest recovery rate, the backward digit span is the most difficult test among the tests used to evaluate the cognitive domain of the PQRS. Thus, this test may be the most sensitive for detecting differences in the recovery of cognitive function. Acetylcholine has been reported to be closely associated with cognitive function [29] and improvements in cognitive function have been reported altering levels of brain acetylcholine levels. [30] Both cholinesterase inhibitors and sugammadex alter acetylcholine levels not only at the peripheral NM junction, but also centrally. Further research focusing on differences in cognitive function may provide additional clarification.
Unfortunately, there are some limitations to the present study. First, there is the short observation period; the assessment of PQRS was not performed after post-operative day 1. Thus, differences in long-term recovery between the two groups could not be assessed.
However, the assessment result after post-operative day 1 would have been similar, as most patients were fully recovered and showed no differences between the groups already on postoperative day 1. Another limitation is the surgery type. Because the surgery we evaluated was minimally invasive, recovery rates for every PQRS domains were very high in both groups across all time points. Such a high recovery rate in both groups was not very helpful for detection of differences in post-operative recovery between the two groups. So, surgical factors could be a bias for the outcome in more invasive surgery. Finally, because the majority of patients were relatively healthy patients with ASA 1-2 in present study, the results may have other outcomes in patients with several underlying disease. Therefore, further study on patients with comorbidities greater than or equal to ASA 3 may be required.
Conclusions
In conclusion, reversal with sugammadex following a single bolus dose of rocuronium may be helpful to improve post-operative physiological recovery in the early post-operative period, as assessed by the PQRS in patients undergoing TPPV under general anaesthesia compared with neostigmine. However, further randomised controlled studies with different conditions are necessary.
